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© Resistive laminate for printed circuit boards. 



© A relatively large dimensioned sputter coated 
resistive laminate providing uniform laminate dimen- 
sions and resistance tolerances over the surface 
area thereof and a method for making the laminate 
from a foil, including a platten support step and a 
sputter etching or cleaning step. The laminate com- 
prises a sputter coated metal foil which is isostatical- 
ly bonded to an insulative, epoxy resin substrate. In 
a preferred construction a nickel-chrome-aluminium- 
silicon resistive layer is applied to a copper foil. 
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BACKGROUND OF THE INVENTION 

The present invention relates to multi-layered 
printed circuit boards and, in particular, to a meth- 
od for constructing a resistive laminate usable 
therewith for producing boards with embedded re- 
sistive layers and usable for high frequency sig- 
nals. 

With the ever increasing complexities and de- 
mands for faster and faster cycle times for digital 
computers and digital signal processing circuitry, 
along with a desire to minimize extraneous discrete 
circuit components, have evolved more complex 
multi-layer printed circuit board assemblies. Many 
of such boards include conductive layers contain- 
ing patterned components which perform like spe- 
cific discrete components. 

One particular laminate usable in such boards 
is a resistive laminate which can be photo-litho- 
graphically processed to define predetermined re- 
sistance paths that can be accessed through var- 
ious well known techniques by other circuitry con- 
tained on the board. Applicant is aware of various 
prior art resistive laminates which have been con- 
structed using conventional liquid bath, plating 
techniques. However, when formed to relatively 
large dimensions, for example, for use in so called 
"mother boards" or the like these laminates are 
prone to exhibit resistive paths of non-uniform thic- 
knesses, and therefore non-uniform resistance val- 
ues, across the surface of the laminate. Imprecise 
signal characteristics, especially at relatively high 
frequencies, oftentimes result 

Through the use of hydraulic laminating tech- 
niques, the laminates and resultant boards have 
also exhibited characteristics indicative of stressed 
conductive and resistive layers which can affect 
yields of the corresponding multi-layered boards 
which use the laminates. Appreciating further the 
complexities and costs to scrap or re-work such 
boards, strong economic incentives exist to de- 
velop component laminates of high integrity and 
tight tolerances, both mechanically and electrically. 

Relative, in particular, to nickel-chrome resis- 
tive laminates. Applicant is aware of a variety of 
discrete and thin film laminates which have been 
developed over the years. Ones of such devices 
are particularly disclosed in U.S. Patent Nos. 
3,400,066; 3.622,410; 3,629.776; 3.691.007; 
3,857,683; 3,930,975; 3,981,691; and 4,021,277. 
Applicant is also aware of an article from Electronic 
Engineer Magazine, by H. J. Pawluk, entitled Thin 
Film Resistors Plated on Circuit Boards (July 
1967). 

Of the foregoing references, ones of the pat- 
ents disclose conventionally plated, thin film layers 
of nichrome which are deposited in various struc- 
tur s. Others disclose sequential fabrication pro- 



c sses for creating monolithic circuits wherein thin 
films of nichrome are sputter applied directly onto 
patterned regions to create specific patterned cir- 
cuits; as distinguished from processes wherein 

5 preformed laminates are stacked and assembled 
within a multi-layer board. 

Advantages gained from the latter lamination 
techniques include increased packing densities 
through the embedding of many of the resistive 

io components, thereby freeing surface area on the 
board for active components and providing shorter 
interconnect distances. Distributed inductance and 
noise are reduced and therefore the frequency and 
operating speed of a board is increased. Reliability 

15 is also improved through minimized numbers of 
discrete interconnections. Patterning techniques 
further enable increased numbers of resistors with 
less effort and cost to provide same as part of a 
prepared assembly. 

20 

SUMMARY OF THE INVENTION 

It is accordingly a primary object of the present 
invention to provide a resistive laminate for use in 
25 multi-layer printed circuit boards which exhibit uni- 
form electrical and mechanical properties over the 
laminate. 

It is a further object of the invention to provide 
a laminate including a sputter coated resistive lay- 

30 er, preferably comprised of nickel-chrome. 

It is a further object of the invention to provide 
a fabrication step wherein a conductive foil is uni- 
formly supported on a piatten and electrically iso- 
lated from ground potential. 

35 It is a further object of the invention to provide 

a fabrication step wherein the conductive foil is 
arranged to permit coupling of the foil and support 
fixture to a charge of opposite polarity to that of a 
charged etch ant for sputter removing contaminants 

40 and/or a foil passivation material. 

It is a yet further object of the invention to 
provide a lamination process wherein a sputter 
coated conductive foil is isostatically bonded to a 
supporting epoxy resin within a pressurized, ther- 

45 mally controlled environment 

It is a still further object of the invention to 
stress relieve the prepared laminate in a dry ther- 
mal environment after lamination. 

Various of the foregoing objects, advantages 

so and distinctions of the invention are particularly 
achieved in a presently preferred fabrication pro- 
cess which yields laminates exhibiting improved 
mechanical and electrical tolerances over other 
available devices. 

55 The process includes a jigging step wherein a 

selected conductive foil is compressively secured 
about its periphery to a uniformly flat backing plate 
or piatten and whereby a uniform target to sub- 
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strat distance is maintained with a consequent 
uniform thickness of sputtered target material. 

A bombardment or sputter etch step using 
Argon gas, wherein the jig fixture and foil is oppo- 
sitely charged relative to the gas particles, pre- 
cleans the foil surface, prior to physical vapor de- 
position (PVD) (e.g. sputter coating) of the resistive 
layer. 

Otherwise, the resistive target material is ap- 
plied over repeated cycles via a PVD process step, 
preferably, a DC magnetron sputtering step. In a 
preferred construction, a nickel-chrome-aluminum- 
silicone target is used. 

Lamination of the conductive/resistive foil to a 
support substrate is achieved by isostatically bond- 
ing the resistive layer to a resin support. A plurality 
of stacked laminates are simultaneously bonded 
within a controlled environment of uniform tempera- 
ture and pressure and wherefrom the resultant 
laminates exhibit less inherent stress. The lami- 
nates may be further stress relieved in a subse- 
quent baking step with uncontrolled cooling. 

The resultant laminates have particularly exhib- 
ited improved dimensional characteristics; less re- 
sistance variation across the laminate surface; and 
less resistance drift over time, in contrast to plated 
bath, hydraulically bonded laminates. These im- 
provements are magnified when incorporated into 
multi- layer printed circuit boards used in applica- 
tions requiring relatively high frequency signals. 

Still other objects, advantages and distinctions 
of the invention will become more apparent upon 
reference to the following detailed description with 
respect to the appended drawings. Before referring 
thereto, it is to be appreciated the following de- 
scription is made by way of the presently preferred 
and variously considered constructions only. The 
description should accordingly not be interpreted in 
strict limitation, but rather should be interpreted to 
include all those equivalent constructions within the 
spirit and scope of the claims hereinafter set forth. 
To the extent improvements and other modifica- 
tions have been considered, they are described as 
appropriate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a process flow diagram of the 
steps employed to fabricate the present laminates. 

Figure 2 shows a cross section view through a 
laminate constructed from the process of Figure 1. 

Figure 3, comprised of Figures 3a to 3c, shows 
cross section views of the evolving laminate 
through the fabrication process. 

Figure 4 shows an isometric drawing in partial 
cutaway and exploded assembly of a jig used to 
prepare the conductive foil prior to sputter deposi- 
tion. 



Figure 5 shows the jigged foil as it mounts to a 
rollered earner and within a deposition chamber. 

Figure 6 shows a partial cross section views of 
a processed multi-layer assembly using the 
5 present laminate. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

10 Referring to Figures 1, 2 and 3. a block dia- 

gram and the related evolutionary cross sectional 
structures are shown through the principle process 
steps used to construct the improved laminate 2 of 
the present invention. This process includes the 

is mounting of a selected conductive copper foil 4 of 
predetermined electrical characteristics within a jig 
fixture 6 (reference Figures 4 and 5). The foil 4 is 
thereby drawn taught across a uniformly flat platten 
or backing plate 8. A uniformly flat deposition sur- 

20 face is consequently achieved. 

The fixturing of the foil 4 particularly eliminates 
any gaps between the platten 8 and foil 4 which 
could disadvantageously cause a concentrated 
plasma between the foil 4 and platten 8, referred to 

25 as "hollow cathode effect." The elimination of 
bows, twists and creases in the foil 4 also reduces 
warpage with thermal expansion and generally 
maintains the foil at a constant foil to target dis- 
tance over the entire surface of the foil. 

30 With reference to Figure 4, the jig fixture 6 

comprises the platten 8, a pair of rigid rectangular 
clamp frames 10 and 12 and spring biased shims 
14 that mount about the periphery of the frames. 
The frames 10, 12 permit simultaneous deposition 

35 on two separate foils 4. Front and back latches 16 
mounted to the lateral sides of the platten 8 
slideabiy cooperate with the frames 10, 12, when 
compressed against the platten 8, to capture the 
frames about the foil 4 and draw the foil 4 tight to 

40 the flat surface of the platten 8, while exposing the 
center region of each foil 4 to the target. 

A uniform compression is particularly achieved 
with the use of the plurality of spring stock shims 
14 that mount within slots 18 in the frames 10, 12. 

45 When relaxed, the shims 14 mount at an angle to 
the frames 10, 12, but are drawn flat along with the 
foil 4 as the frames are squeezed and positioned 
beneath the latches 16. The latches particularly 
comprise individual standoffs 20 which support a 

so sliding latch plate 22 relative to a pair of shoul- 
dered pegs 24. 

Referring to Figure 5, the jig fixture 6 is subse- 
quently supported within a suitably sized DC mag- 
netron sputtering chamber 26. This apparatus in- 

55 eludes multiple chamber portions which are iso- 
lated from each other, but wherebetween the foil 4 
may be transferred as necessary to effect the 
following process steps. 
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During a bombardment or sputter etching step 
(reference Figure 3a) the fixture and foil are biased 
relative to each other, and whereby a glow dis- 
charge of Argon atoms bombard the foil 4 to re- 
move surface contaminants and any contained pas- 
sivation layer. The contaminants deposit on the 
chamber walls. The exposure time, charge and 
atmosphere are obtained in conventional fashion. 
Alternative technologies which might be used are 
reactive sputter etching with reactive gases or pos- 
sibly chemical pre-treatments, depending upon the 
materials to be removed. 

To be further noted from Figure 5 is that the jig 
fixture 6 is supported in a rollered track and carrier 
assembly 28. The arrangement of the assembly 28 
is such that the fixture 6 is electrically isolated from 
the ground potential of the cleaning chamber. 
Thus, during the sputter etching step described 
above, the fixture 6 is connected via the power 
supply to a desired negative potential relative to 
the positively charged gas. This is accomplished 
via a conductor 50 and contact 52 which contacts a 
sputtering shield or contact plate 54 and upon 
which the jig fixture 6 rests. Otherwise, insulators 
56, 58 and 60 isolate the fixture 6 from the remain- 
der of the cleaning chamber. 

Once appropriately cleaned and with reference 
to Figure 3b, each conductive foil 4 is transferred 
to a sputtering chamber, wherein a target and the 
foil are appropriately biased, and exposed to atoms 
removed from a selected target material mounted 
adjacent the interior side walls of the chamber. 
This is accomplished in ah Argon glow discharge 
environment. The atoms released from the target 
deposit on the foil 4 to form a uniform thin film 32. 
Typically, each cycle provides for the deposition of 
a uniform incremental layer. Multiple cycles of the 
sputtering step are thereafter repeated to obtain a 
film 32 of a desired thickness and for the present 
applications on the order of 500 to 800 angstroms 
thick. 

It is to be appreciated that any surface vari- 
ations are to be avoided, since they will be repli- 
cated and enhanced over the subsequent steps. 
Alternative deposition methodologies might com- 
prise vacuum evaporation or CVD. Other sputtering 
techniques may include DC diode, RF diode or RF 
magnetron. 

Presently, a target comprised of approximately 
56% nickel, 38% chrome, 4% aluminum and 2% 
silicone has been found to provide resistive layers 
32 of desired electrical characteristics for the in- 
tended application. A variety of other target materi- 
als and/or different compositional mixtures can, 
however, be employed to a similar end. Other 
resistive target materials which might b employed 
are nickel-vanadium, tantalum-nitride, nickel-phos- 
phorous or chrome-aluminum. 



Nickel-chrome in concentrations of 80-50% 
nickel and 20-40% chrome along with 0 to 10% of 
other dopants, otherwise, is believed to be a more 
stable material and provides a film of preferred 

o dimensional and electrical properties, as opposed 
to nickel-phosphorous or various of the other plated 
materials which are commonly used for the men- 
tioned digital applications. 

Depending upon printed circuit board size de- 

10 sired, a suitably sized sputtering chamber 26 is 
used to effect the foregoing deposition. Presently, 
a chamber having internal dimensions which ac- 
commodate the fabrication of laminates 2 on the 
order of 51 by 129.5 centimeters is used. Larger or 

is smaller chambers 26 may however be used to a 
similar end. 

With the fabrication of a suitable 
conductive/resistive foil 34. it next becomes neces- 
sary to bond the foil 34 to a suitable glass epoxy 

20 resin substrate 36. The combination structure 2 can 
then be used in the further fabrication of a multi- 
layer printed board construction 38 such as shown 
in Figure 6. Alternative substrates might comprise, 
among others, modified epoxies, tetra-functional 

25 epoxies, high temperature epoxies, bismaleimid 
blends, polymides, modified polymides, or cyanate 
esters. 

In this later regard and with further attention to 
Figure 3c. the prepared resistive foil 34 is bonded 

30 to a glass epoxy resin substrate 36 in an isostatic 
lamination step, as distinguished from the conven- 
tional use of a hydraulic press to create heat and a 
pressurized bond. Hydraulic bonding, otherwise, is 
employed with the present laminate, only during 

35 the lamination of the laminates 2 into a multi-layer 
assembly 38. 

Less stress is otherwise placed on the laminate 
34 by way of an isostatic bonding step. During a 
hydraulic press cycle, the substrate 36 otherwise 

40 undergoes directional distortion which is not in- 
duced when equal pressure is applied on all sur- 
faces of the substrate 36 and foil 34, as the foil 34 
heats and bonds to the substrate 36. 

Relative to the lamination step and with refer- 

45 ence to Figure 3c. bonding occurs simultaneously 
for a number of foils 34 relative to their matching 
substrates 36. That is, individual foils 34 and resin 
substrates 36 are organized with inactive spacer 
layers (not shown) between pairings to create a so 

so called "book" arrangement The layers are verti- 
cally stacked and indexed relative to a surrounding 
bag (not shown). The book, in turn, is set within an 
autoclave. Bonding occurs through the application 
of conventionally determined pressures and tenv 

55 peratures and bonding times and during which the 
mating surfaces between each of the resistive lay- 
ers 32 and substrates 36 undergo a thermal bond- 
ing to sufficiently support one to the other until a 
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permanent bonding occurs during the construction 
of the mufti-iay r board. A nominal peel strength of 
7 to 10 pounds per inch is obtained for the present 
materials, but which may be 3 to 7 pounds per inch 
for other materials. 

Although the formed laminates 2 inherently ex- 
hibit relatively low stress, each may be further 
subjected to a heating step at atmospheric pres- 
sure. Any stress produced from the bonding step is 
thereby removed and the epoxy substrate 36 re- 
laxes relative to the foil 4. This step is performed in 
the autoclave or in a separate oven through a 
second heating at atmospheric pressure, with an 
uncontrolled cool-down to room temperature. 

Otherwise and/or prior thereto, the prepared 
laminates 2 are unbagged, cleaned, trimmed to 
size, and marked with appropriate markings to 
identify the specified characteristics of each lami- 
nate 2. A passivation layer or oxide layer may also 
be applied to the exposed surface of the foil 4 to 
protect it prior to subsequent processing, such as 
is later performed during the fabrication of the 
assembly of Figure 6. 

With attention lastly directed to Rgure 6. sub- 
sequent processing may comprise the addition of a 
ground plane and formation of conductive paths or 
may comprise the fabrication of a more complex 
multi-layer assembly. The assembly 38, otherwise, 
is comprised of an upper conductive foil layer 4 
which has been photo-lithographically processed to 
provide a plurality of contact pads 40. The pads 40 
overlay individual resistors or resistance zones 42 
of predetermined surface areas which are defined 
relative to the area of the resistive layer 32 be- 
tween the pads 40. A second conductive or ground 
foil 4 is otherwise bonded to the lower surface of 
the substrate 36. Wire connection pads, through 
holes (not shown) or other interconnect means are 
later formed to connect the external circuitry (not 
shown) to the layers of the assembly 38. In lieu of 
a ground plane foil 4, it is also to be appreciated a 
second laminate or embedded resistor layer might 
be included in the assembly 38. 

With the use of the present sputtered and 
isostatically bonded laminates 2, multi-layer assem- 
blies 38 which are substantially more uniform elec- 
trically and mechanically than conventionally 
formed, plated assemblies have become possible. 
These assemblies 38 have, in turn, found particular 
advantage in high frequency digital applications. 

While the invention has been described with 
respect to its presently preferred construction and 
variously considered modifications, it is to appre- 
ciated still other equivalent processes and/or ap- 
paratus might be suggested to those of skill in the 
art. Accordingly, the following claims should be 
interpreted to include all equivalent embodiments 
within the spirit and scope thereof. 



Claims 

1. A method for fabricating a resistive laminate 
for a printed circuit board comprising: 

s (a) securing a conductive metal foil to con- 

tact a planar support surface; 
(b) exposing the foil in a glow discharge 
environment for a sufficient duration to re- 
move contaminants from the foil; 

w (c) exposing the foil in a glow discharge 

environment relative to a resistive target 
material to deposit a layer of target material 
on said foil; and 

(d) isostatically bonding the resistively coat- 
75 ed foil to a substrate. 

2. A method as set forth in claim 1 wherein said 
resistive material is substantially comprised of 
nickel and chrome. 

20 

3. A method as set forth in claim 2 wherein said 
material comprises relative percentage con- 
centrations of 80 to 50% nickel, 20 to 40% 
chrome and 0 to 10% other dopants. 

25 

4. A method as set forth in claim 1 wherein said 
target material is selected from a group con- 
sisting of nickel- chrome, nickel-vanadium, 
tantalium-nitride, nickel- phosphorous or 

30 chrome-aluminum. 

5. A method as set forth in claim 1 wherein 
during said contamination removal step said 
foil is biased relative to a surrounding gas 

35 environment. 

6. A method as set forth in claim 1 including the 
further step of heating the bonded foil and 
substrate in an environment and whereby 

40 stress is relieved from the foil and substrate. 

7. A method as set forth in claim 4 wherein said 
inert gas comprises carbon dioxide. 

45 8. A method as set forth in claim 7 wherein said 
bonding occurs at temperatures in a range of 
335 to 450 degrees Fahrenheit and pressures 
of 25 to 250 psi. 

so 9- A method as set forth in claim 1 wherein said 
substrate is selected from a group consisting 
of modified epoxies, tetra-functional epoxies, 
high temperature epoxies, bismaleimide 
blends, polymides, modified polymides or cya- 

55 nate esters. 

10. A method for fabricating a resistive laminate 
for a printed circuit board comprising: 
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(a) removing contaminants from a conduc- 
tive metal foil; 

(b) repeatedly exposing said foil in a vacu- 
um vapor deposition environment to deposit 

a resistive material on said foil; and 5 

(c) bonding the resistively coated foil to a 
support substrate. 

11. A method as set forth in claim 10 wherein said 
resistive material is substantially comprised of w 
nickel and chrome. 

12. A method as set forth in claim 10 wherein said 
deposition step is performed using a sputtering 
technique. is 

13. A resistive laminate for use in the fabrication of 
a multi-layered printed circuit board compris- 
ing: 

(a) a conductive metal foil; 20 

(b) a thin film comprised substantially of 
nickel and chrome, and vapor deposited to 
a uniform thickness substantially over at 
least one surface of said file; and 

(c) a supporting resin substrate. 25 

14. A fixture for supporting a conductive foil within 
a deposition apparatus comprising: 

(a) a planar backing plate; 

(b) a framework circumscribing a deposition 30 
aperture; and 

(c) means for biasing said foil into uniform 
contact with said backing plate; and 

(d) means for securing said framework to 

said backing plate. 35 

15. Apparatus as set forth in claim 14 including a 
second framework and wherein the first and 
second frameworks are positioned on front and 

rear surfaces of said backing plate relative to 40 
respective first and second foils. 

16. Apparatus as set forth in claim 14 wherein said 
biasing means comprises a plurality of resilient 
members secured to project at an acute angle 45 
relative to said framework such that upon con- 
tacting said foil and compressing said frame- 
work to said backing plate said foil is drawn 
taught thereto. 

50 
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© Resistive laminate for printed circuit boards. 



® A method for making the laminate from a foil, 
including a platten support step and a sputter etch- 
ing or cleaning step. The laminate comprises a sput- 
ter coated metal foil (4) which is isostatically bonded 
to an insulative, epoxy resin substrate (36). In a 
pr f erred construction a nickel-chrome-aluminium- 
silicon resistive layer (32) is applied to a copper foil 
(4). 
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1. Claims 1-9,13: 

2. Claims 14-16 : 

3. Claims 10-12 : 



Method for making resistive laminate and 
resistive laminate in itself. 

Apparatus for supporting a conductive foil. 

Other (more general) method for making resistive 
laminate. 
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